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cense.Abstract The response of Foster grapefruit (Citrus paradisiMacf.) to organic and inorganic fertiliza-
tion inSennararea (13370N–33370E)representing centralSudan,was studied for twosuccessive seasons
(2003/2004 and 2004/2005). Urea, sheep manure and terra-sorb (as foliar) at the rates of 2.17 kg/tree/
year, 20 kg/tree/year and 200 ml/100 L water, respectively, and their combinations were applied to
18 years old trees to determine their effects on fruit yield and quality. The layoutwas a randomized com-
plete block design replicated three times. Results indicated that all treatments signiﬁcantly increased
average yield over control with inconsistent effects on fruit quality parameters. Trees received urea at
the rate of 2.17 kg/tree/year, yielded thick peel fruits of reduced vitamin C. Sheep manure at the rate
of 20 kg/tree/year resulted in dark green fruits of thick peel. The foliar treated trees at the rate of
200 ml/100 L water gave little thick peel fruits of lower total soluble solids, low % titrable acidity and
low vitamin C. The best fruits reﬂected by color, thinner peel, high % TSS and high vitamin C were
obtained from urea + sheep manure treatment. Application of urea with foliar gave green large fruits.
Small fruits of intensive green color on surface and low titrable acidity were recorded by combination of
sheep manure and foliar. Application of the three fertilizers together gave fruits of dark green color on
surface and thick peel. Therefore, application of 2.17 kg urea + 20 kg sheepmanure/tree/year is recom-
mended to Foster grapefruit trees in Sennar area and areas of similar environmental conditions.
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lty of Agriculture, Ain Shams
lsevierCitrus is an important cash crop and an essential source of
human diet, especially, vitamin C (Economos and Clay, 1999).
Its cultivation is native to tropical and subtropical regions. It is
now grown all over the world wherever there is sufﬁcient rain-
fall or irrigation to sustain the trees.
In Sudan, the diverse environmental conditions ranging
from the desert arid zone in the north to the humid tropics
of the south, beside the many soil types, offer a great potential
for growing citrus (Hamid, 1992).
Citrus production in Sudan is mainly conﬁned to the alluvial
soils of the Northern, River Nile, Blue Nile States and to silt
38 A.A.M. Elhassan et al.deposits and clays of Khartoum, Blue Nile, White Nile, Gezira,
Southern States and Jebel Marra region (Hamid, 1992).
Total area of citrus in Sudan is estimated as 42,000 hectare
(SNHA, 2001). Although irrigation water is available, yet, the
productivity of this area, estimated for the years 1998, 1999
and 2000 as 625,130, 675,620 and 840,990 ton, respectively
(AASYB, 2001), may not satisfy the demand of the ever
increasing population intensity and export due to the high cost
of fuel, spare parts and electricity for pumping water (Saied
et al., 2005). Therefore, the national strategy for expansion
of citrus production was directed towards the large national
schemes such as Gezira, Rahad, Suki and the Blue Nile
schemes in the Central Clay Plain (Sidahmed and Geneif,
1984). Soils of this area are characterized by high clay contents
(Vertisols), high pH, low organic matter, hence, low nitrogen
level (Ali et al., 2003).
Citrus trees grown in this area are stunted, of low yield,
23 ton ha1 at the best compared to 40 ton ha1 in USA (Mor-
ton, 1987) and even of poor quality (Hamid, 1992). Many fac-
tors were suspected to cause such low yield and quality of
citrus in this area. These factors may include poor manage-
ment practices such as fertilization and fertilizer application.
Therefore, the objective of this study is to promote yield
and improve fruit quality of citrus grown in central Sudan
through efﬁcient use of organic and inorganic fertilizers.Table 1 Some soil properties of the experimental site.
Character Value
0–30 cm 30–60 cm
Sand% 25–37 25–38
Silt% 14–28 12–25
Clay% 39–49 40–54
Texture class name Clay–clay loam Clay–clay loam
pH 7.3–7.8 7.3–7.8
ECe (d Sm1) 0.1–0.98 0.38–0.88
SAR 0.12–0.41 0.12–0.42
Total N% 0.026–0.093 0.024–0.074
Available P (mg kg1 Soil) 0.41–5.1 0.92–4.7
K (mg kg1 Soil) 640–719 420–649
Ca (mg kg1 Soil) 359–742 311–933
Mg (mg kg1 Soil) 100–301 271–431
Na (mg kg1 Soil) 36–121 36–114
Zn (mg kg1 Soil) 0.84–2.67 0.99–2.60
Fe (mg kg1 Soil) 10.7–25.1 11.6–32.1
Mn (mg kg1 Soil) 5.07–7.36 6.28–7.4
HCO3 (Meq/L) 1.5–5.3 1.83–5.17
Cl (Meq/L) 1.33–3.33 1.0–3.58
SO4 (Meq/L) 0.25–4.65 0.9–4.46Materials and methods
This study was carried out for two successive seasons (2003/
2004 and 2004/2005) in Sennar area (13370N–33370E) repre-
senting Sudan Central Clay Plain. Eight Foster grapefruit (Cit-
rus paradisi Macf.) orchards were selected for the study. All
orchards were irrigated from the Blue Nile. The cultural prac-
tices carried out in these orchards were similar as far as irriga-
tion, pruning, fertilizer application, pests and diseases control
are concerned (Normal fertilization practice of citrus in this
area include application of 1 kg urea + about 10 kg manure/
tree/year from time to time). Trees were budded on Sour or-
ange (Citrus aurantium L.). Trees were 18 years old with
8 · 8 m spacing. Selected trees were free from the major in-
sect’s damages such as leaf minor, scale insects, lemon butter
ﬂy and diseases such as gummosis.
The study included soil characterization of the experimental
site and application of three fertilizers, namely, urea, sheep
manure and terra-sorb.
Three soil proﬁles in each orchard, 50 m apart in the middle
of three trees, were made in the west-east direction. Soil sam-
ples were collected from two depths in each proﬁle (0–30 and
30–60 cm), the feeder root zone as reported by Luiting and
Ryle (1980).
Standard analytical procedures were used for estimation of
soil texture, soil reaction and electrical conductivity of soil ex-
tract. The soil was also analyzed for soluble cations and an-
ions, hence, sodium adsorption ratio was calculated. The
status of nutrients including total nitrogen, available phospho-
rus, potassium, calcium, magnesium, zinc, iron and manganese
were measured.
Treatments comprised urea (46%), sheep manure (2.2% N,
0.6 % P2O5, 0.32% K2O, 0.86% Ca and 0.1% Mg) and terra-
sorb as foliar (2.3% N, 0.05% Mg, 0.07% Zn and 0.02% B).
Urea was applied at the rate of 2.17 kg/tree/year, sheep man-ure at the rate of 20 kg/tree/year (about 80% of sheep manure
was added in form of powder) and terra-sorb at the rate of
200 ml/100 L water.
Urea and sheep manure were applied in January every year
and terra-sorb was sprayed three times annually before bloom-
ing, after fruit setting and a month after the second one. The
combined effect of the three materials was also studied on trees
receiving urea + manure, urea + terra-sorb, manure + terra-
sorb and urea + manure + terra-sorb at the same rate and
application time. A randomized complete block design was
used in the layout of this experiment with three trees around
each soil proﬁle comprising an experimental unit replicated
thrice.
Yield as ton/tree was determined by picks from March to
September. Fruit samples were taken randomly for quality sta-
tus including fruit diameter, % green color on fruit surface,
peel thickness, juice % by weight, total soluble solids, titrable
acidity and ascorbic acid (vitamin C) contents. Quality test was
carried out according to the methods described by Ladaniya
(2008).
Data were statistically analyzed using Irristat (2005) com-
puter software and Gomez and Gomez (1984) methods to dif-
ferentiate between treatments.
Results and discussion
Table 1 depicted some soil physical and chemical properties of
the experimental site. Clay contents ranged between 39–49%
and 40–54% in the top and subsoils, respectively, and soil tex-
ture ranged between clay and clay loam. According to Brady
and Weil (2000), the soils were slightly to moderately alkaline
in reaction, non-saline and non– sodic. Total nitrogen ranged
between 0.026–0.093% and 0.024–0.74% in top and subsoils,
respectively. The soils were of low available P and low Zn lev-
els (Lichthardt and Jacobsen, 1998). Tables 2, 3a and b and 4
showed the effects of fertilizer treatments under test on yield
and quality parameters in the two seasons and combined yield,
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different in yield of the ﬁrst season but signiﬁcantly different
at (PP 0.05) in yield of the second season and (PP 0.01) in
combined yield. All treatments out yielded the control in the
two seasons. Treatments were signiﬁcantly different at
(PP 0.05) in percent green color on fruit surface, juice %
by weight, percent titrable acidity and (PP 0.01) in peel thick-
ness in the ﬁrst season. In the second season, the treatments
were signiﬁcantly different at (PP 0.05) in juice % by weight
and (PP 0.01) in peel thickness, percent green color on fruit
surface, titrable acidity and ascorbic acid (vitamin C) contents.
The high signiﬁcant rise in yield of urea treated trees over
control may be due to the positive effect of urea nitrogen on uti-
lization of the other plant nutrients. Similar results were re-
ported by Brady and Weil (2000). They reported that nitrogen
play a considerable role in utilization of phosphorus and potas-
sium. On the other hand,Marschner (1995) related the low yield
in urea treatments to the presence of excess soluble amino acids
which cannot be used for the growth process due to the relative
shortage of the other nutrients. Discrepancies in results may be
due to environmental conditions, especially, temperature at fruit
setting period (Sauls, 2008). Other workers related this discrep-
ancy to the method of urea application whether single or split
(Obreza et al., 2008) while others stated that, it is mostly due
to rootstock differences which affect both yield and quality of
grapefruit (Fallahi et al., 1989). However, the adverse effects
of urea on fruit quality reﬂected by thick peel and reduced vita-
min C was in agreement with Obreza (1995) who reported in-
verse relationship between fruit quality and increment of
nitrogen in fruit as a result of urea application.
Manure increased yield signiﬁcantly over control in the two
seasons. Such increment may be related to the cumulative ef-
fects of one dressing after another on the structural improve-
ment of the soil and soil–plant–water relationship that
resulted from manure application and not nitrogen rate per
se. Similar results were obtained by Morgan and Hanlon
(2007). Manure yielded small fruits of intensive green color
on fruit surface. Other studies gave better fruits (Huang
et al., 1996). Disparity in results can be ascribed to the variousTable 2a Effects of fertilizer treatments on mean fruit yield, fruit dia
in Sennar area ﬁrst season (2003/2004).
Treatment Yield (Ton ha 1) Fruit diameter (cm) Peel thickn
U 5.64a 7.8a 4.5c
M 7.35a 6.0a 6.7b
F 2.94a 5.4a 5.3c
U +M 7.73a 6.8a 5.4bc
U+ F 8.32a 6.7a 7.5b
M+ F 8.07a 6.2a 6.3b
U+M+ F 9.20a 5.3a 12.5a
Control 2.59a 6.7a 5.7b
F-value NS NS \\\
SE± 2.69 1.21 0.87
CV% 41.5 19.2 12.9
1 hectare = 156 trees.
Each value is a mean of nine replicates.
Means of different subscript letters are signiﬁcantly different.
U, urea; M, manure; F, foliar (terra-sorb).
**Moderate.
***High.types of manure and different rates of manure application and
decomposition.
Terra-sorb (foliar) increased yield signiﬁcantly over control
with inconsistent effects on fruit quality. However, Papaniko-
leau et al. (1988) related the low quality of fruits in foliar treat-
ments containing nitrogen to the speciﬁc utilization of nitrogen
by fruits. This indicated that yield and fruit quality are much
more affected by presence or absence of nitrogen in the foliar.
Signiﬁcant increment of yield coupled with best fruit charac-
teristics, indicated by low green color%on fruit surface, thinner
peel, high % TSS and vitamin C over control were obtained by
combination of urea and sheep manure. Beside the positive ef-
fects of urea nitrogen, this may be due to the improved soil phys-
ical conditions caused by manure application and better supply
of nitrogen, phosphorus, potassium and other essential plant
nutrients resulting from manure application. These results were
in line with those reported by Brady and Weil (2000). In addi-
tion, calcium from manure can compensate calcium removed
by the actively growing vegetative tissues as a result of urea
application favoring improvement of fruit quality. Analogous
resultswere reported byAbaev (1973)who recorded a signiﬁcant
high yield and best fruit characteristics as a result of organic and
inorganic nitrogen fertilizers application.
Interaction of urea and foliar were signiﬁcantly increased
yield over control and yielded larger fruits with inconsistent ef-
fects on the other quality parameters. Similar results were re-
ported by Calvert et al. (2000). On the other hand, Davies
(1997) reported negative effects on fruit quality as a result of
application of urea and foliar fertilizers. Discrepancies in re-
sults concerning fruit quality may be related to the effect of
rate and time of nitrogen fertilizer application where high rates
at summer were more detrimental to fruit than lower rates at
spring (Kallsen, 2001).
Increment of yield over control was signiﬁcant in the treat-
ment combining manure and foliar. When compared with the
increase of yield in urea and foliar treatment, the effect of man-
ure is obvious. However, the adverse effects of this interaction
on fruit quality were reﬂected by small fruits of intensive green
color on fruit surface. This may be related to the speciﬁc utili-meter, peel thickness, % green color on fruit surface and juice %
ess (mm) Green color on fruit surface (%) Juice % By weight
57c 19.8b
66b 17.2bc
48c 19.0b
47c 19.7b
57bc 16.3c
90a 15.5c
77a 16.1c
42c 26.3a
\\ \\
6.68 1.29
11.1 7.0
Table 2b Effects of fertilizer treatments on %TSS, % titrable acidity, maturity ratio and ascorbic acid (vitamin C) contents in Sennar
area ﬁrst season.
Treatment %TSS % Titrable acidity Maturity ratio (TSS/TA) Ascorbic acid (vitamin C) (mg/100 cc)
U 10.5a 0.70c 15.0a 51.5a
M 11.3a 0.94ab 12.0a 52.7a
F 7.5a 0.75bc 10.0a 58.6a
U+M 11.0a 1.01a 10.9a 53.9a
U+ F 10.9a 0.69c 15.8a 45.2a
M+ F 9.7a 0.59c 16.4a 44.9a
U+M+ F 9.9a 0.77b 12.9a 52.3a
Control 10.3a 0.63c 16.3a 51.3a
F-value NS \\ NS NS
SE± 1.52 0.08 2.26 10.06
CV% 15 10.5 36.5 19.6
**Moderate.
Table 3a Effects of fertilizer treatments on mean fruit yield, fruit dimeter, peel thickness, % green color on fruit surface and juice %
in Sennar area second season (2004/2005).
Treatment Yield (ton ha1) Fruit diameter (cm) Peel thickness (mm) Green color on fruit surface (%) Juice % by weight
U 12.93a 8.3a 5.5b 76a 19.3b
M 11.43a 7.3a 13.0a 85a 28.1b
F 6.06b 8.4a 6.4b 77a 26.7ab
U+M 15.79a 7.3a 6.6b 79a 24.6b
U+ F 10.82ab 7.9a 8.0b 80a 42.1a
M+ F 14.63a 7.5a 6.8b 76a 38.8a
U+M+ F 17.24a 7.9a 12.5a 85a 26.8a
Control 3.76b 8.2a 5.5b 43b 15.5b
F-value \ NS \\ \\ \
SE± 3.49 0.72 1.09 8.62 6.73
CV% 30.1 9.2 13.5 11.5 24.2
Each value is a mean of nine replicates.
Means of different subscript letters are signiﬁcantly different.
Symbols as deﬁned in Table 2a.
*Low.
**Moderate.
Table 3b Effects of fertilizer treatments on %TSS, % titrable acidity, maturity ratio and ascorbic acid (vitamin C) contents in Sennar
area second season.
Treatment %TSS % Titrable acidity Maturity ratio (TSS/TA) Ascorbic acid (vitamin C) (mg/100 cc)
U 9.0a 0.36b 25.0a 62.8a
M 10.2a 0.38b 26.8a 62.5a
F 9.3a 0.34b 27.4a 54.2a
U+M 9.9a 0.34b 29.1a 63.7a
U+ F 9.1a 0.42b 21.7a 42.8b
M+ F 9.8a 0.37b 26.5a 63.6a
U+M+ F 9.0a 0.35b 25.7a 51.4b
Control 10.3a 0.63a 16.3a 50.9b
F-value NS \\ NS \\
SE± 1.34 0.06 4.21 4.9
CV% 13.9 16.1 16.4 8.8
**Moderate.
40 A.A.M. Elhassan et al.zation of nitrogen of the foliar by fruits. Similar results were
reported by Zekri (1999).
Interaction of the three fertilizers, under test, increased
yield signiﬁcantly with adverse effects on fruit quality indicated
by the intensive green color on fruit surface and thick peel. The
high yield may be due to the high amount of nutrients given by
the three fertilizers. Results were in agreement with the ﬁnd-ings of He et al. (2003) who reported that nitrogen encourages
vegetative growth reﬂected by yield increment and adversely
affects fruit quality. The adverse effects of this combination
on fruit quality may also be due to the high consumption of
calcium by the actively growing vegetative tissues as a result
of N addition from the three sources. It is well known that,
calcium deﬁciency in fruits and vegetables affects quality
Table 4 Combined yield.
Treatment Yield (ton ha1)
U 9.28a
M 9.40a
F 4.50a
U+M 11.76a
U+ F 9.57a
M+ F 11.35a
U+M+ F 13.23a
Control 3.17b
F value \\
CV% 27.6
Symbols as deﬁned in Table 2a.
**Moderate.
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many calcium disorders in Ca-deﬁcient fruits of citrus. Results
were in conformity with the ﬁndings of Marschner (1995). He
reported that, calcium disorders were stimulated by high levels
of nitrogen application. According to Zekri and Obreza
(2004b) a continuous ﬂow of Ca is required in fruits and veg-
etables for normal crop production and shortage of Ca during
fruit development will induce Ca-disorders because Ca reserves
are not mobile.
Conclusion
It can be concluded from this study that, application of nitro-
gen in form of urea at the rate of 2.17 + 20 kg sheep manure/
tree/year is the best fertilizer treatment for yield promotion
and quality improvement of Foster grapefruit grown in central
Sudan therefore it is recommended.
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